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About us

Sasol’s Performance Chemicals business unit markets a 
broad portfolio of organic and inorganic commodity and 
speciality chemicals. Our business employs about 1300 
people in four key business divisions: Organics, Inorganics, 
Wax and PCASG (Phenolics, Carbon, Ammonia and Special-
ity Gases). Our offices in 18 countries serve customers 
around the world with a multi-faceted portfolio of state-
of-the-art chemical products and solutions for a wide 
range of applications and industries.
 
Our key products include surfactants, surfactant inter-
mediates, fatty alcohols, linear alkyl benzene (LAB),  
short-chain linear alpha olefins, ethylene, petrolatum, 
paraffin waxes, synthetic waxes, cresylic acids, high-quality 
carbon solutions as well as high-purity and ultra-high-
purity alumina. Our speciality gases sub-division supplies its 
customers with high-quality ammonia, hydrogen and CO2 as  
well as liquid nitrogen, liquid argon, krypton and xenon gases.
 
 

 
 
 
 
 
Our products are as individual as the industrial applica-
tions they serve, with tailor-made solutions creating real 
business value for customers. Ongoing research activities  
result in a continuous stream of innovative product 
concepts that help our customers position themselves 
successfully in future markets.
 
Our products are used in countless applications in our 
daily lives to add value, security and comfort. Typical 
examples include  detergents, cleaning agents, personal 
care, construction, paints and coatings, leather and metal 
processing, hot-melt adhesives, bitumen modification 
and catalyst support for automotive catalysts and other 
diverse specialty applications including oil and gas recov-
ery, aroma production, plastic stabilisation, and polymer 
production. Every day, our researchers explore ways to 
improve our products and develop innovations that im-
prove the quality of people’s lives.
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1. Abstract

In emulsion polymerization, alkyl ether sulfates are one of major surfactants necessary to 
provide for the stabilization of micelles. Traditionally, these sulfates have been based on  
alkylphenol ethoxylates (APEOs). Their good cost/performance coupled with their distinctive 
structural and physical properties has lead to their widespread use in emulsion polymerization. 
However, alternative surfactants are desired to expand formulators surfactant options and 
give materials which are free of APEOs.

Previous works showed that narrow range alcohol ethoxylates based on different hydro-
phobic feedstocks are effective APEO alternatives as nonionics in emulsion polymerization. 
By exploiting the nonionic work, new APEO-free ether sulfates have been developed which 
yield similar emulsion polymerization characteristics to that of the APEO based ether sulfates. 
Thus, the following work compares and contrasts standard industrial APEO anionic emulsifiers 
with new non-APEO based alternative anionic surfactants in model systems.

Abstract
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2. Introduction

Figure 1: 
Representative  

chemical structures of  
APEO ether sulfates

Octylphenol Ether Sulfate 
(OPES)

Nonylphenol Ethoxylate 
(NPE) 

Octylphenol Ethoxylate  
(OPE)

Nonylphenol Ether Sulfate  
(NPES) 

Introduction

With the reduction in the market place of many solvent based polymerizations, emulsion 
polymerizations have become one of the preeminent methods of polymerization. This 
technique relies on the formation and long term stability of micelles. Typically, the emulsion 
formulation utilizes two types of surfactants: one nonionic and the other anionic.1  
Each provides separate stabilization mechanisms for the micelles, but the combination 
provides better stabilization, especially as temperature increases. The nonionic surfactants 
bestow a steric separation between micelle groups, while anionic surfactants yield a 
charged repulsion between the micelles.

For most industries which practice emulsion polymerization including coatings, the main 
hydrophobe used for both basis of the nonionic and anionic surfactants for the past 45 
years has been alkyl phenol (either octylphenol or nonylphenol). 2 In general, a standard 
emulsion recipe would employ an alkyphenol ethoxylate (APEO) with a high number of 
moles of ethylene oxide (usually >20) as the nonionic and an APEO with 3 to 7 moles of 
ethylene oxide which was then sulfated as the anionic surfactant. Utilized in conjunction, 
these offered the best formation and stabilization of the micelle during and following the
emulsion polymerization. Additionally, these APEO surfactants provided the optimum cost/
performance properties desired by formulators for many years. An example structure of 
each APEO is given in Figure 1.

Alkylphenol ethoxylates and ether sulfates in general possess a number of structural, com-
positional, and performance attributes which have helped them to reach high consumption 
rates for emulsion polymerization in North America. A number of these advantages are 
listed in Table 1.

In 2006, the total surfactant usage for emulsion polymerization was 106,400 metric tons 
(calculated as 100% active) which is a modest 3% growth over the volumes used in 2004.
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2. Introduction

Compositional and performance advantages for alkylphenol ethoxylates and ether sulfates

1. Excellent emulsification properties

2. Good versatility - useful in a variety of emulsion polymerization types.

3. Branched structure yields lower solidification points and less gelling

4. Low levels of free un-ethoxylated phenol; low VOC.

5. Narrower range EO adduct distribution compared to base-catalyzed primary alcohol  

 ethoxylates.

6. Historically APEOs have maintained a lower cost compared to other alcohol ethoxylates (AEs).

Introduction

This has slowed dramatically over the recent economic downtown; however, the outlook 
for growth for emulsion polymerization is still positive over the next 5 years. Of the 2006 
volume, nonionic surfactants made up 55,000 metric tons or >50% of the total surfactant 
volume while anionics took up most the remainder with 51,400 metric tons.3 Sales of APEO 
based surfactants accounted for most of the total non-ionic surfactant volume including 
22,700 metric tons octylphenol (OPEs) and 17,700 metric tons nonylphenol (NPEs) ethox-
ylates as nonionics. Additionally, the APEO surfactants accounted for another 8,200 met-
ric tons as anionics, which much was nonylphenol ether sulfate (all numbers calculated at 
100%).3 These particular non-ionics and anioncs were preferred for emulsion polymerization 
because they provided cost effectiveness and improved particle stability over a wide range of 
thermal, mechanical, and electrolyte conditions via steric stabilization for the nonionics and 
charge stabilization for the anionics.1,4

Recent trends for substitution of APEOs
 
Despite all of the aforementioned advantages for APEOs and the sulfate analogs, their use 
in North America has started to decline. The trend, which has been dramatic over the past 
two years for household detergent applications, is now moving to many industrial applica-
tions in North America. Some of this is due to governmental pressure. Like the EU (European 
Union) which has already banned the use of APEOs for applications where these surfactants 
could contact sewer water, the Canadian government is starting to regulate APEO use. In fact, 
Canadian legislation is requiring a 90% replacement of all APEOs including their derivatives 
like sulfates within products consumed in Canada by 2010.5,6 In contrast, the pressure in the 
United States is not coming so much from the federal government as from large merchandis-
ers such as Wal-Mart and Home Depot. They are encouraging their suppliers of all consumer 
products (household detergents, paint, etc.) to use eco-friendly components within their
product formulations. As a result, use of NPEs and NPE sulfates, in particular, are being 
phased out.7,8

Table 1:  
Advantages for alkylphenol 

ethoxylates and sulfates 
(APEOs)
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Disadvantages for alkylphenol ethoxylates

1. Biodegradation of APEOs is slower than that of other AEs.

2. Biodegradation occurs along the EO chain for APEO. As degradation proceeds, the  

 resulting metabolites are more surface active and more toxic than the starting intact  

 APEO structure.

3. Growing attention on environmental properties of APEOs.

Introduction

Table 2 shows some of the disadvantages of APEOs which are driving their reduced use in 
industrial applications.   
 
In addition to the above disadvantages, the cost/performance advantage which APEOs and 
the derivatives have historically enjoyed has come under pressure due to higher petroleum 
prices and limited availability of the feedstock propylene trimer which is used to manufac-
ture the nonylphenol hydrophobe.9,10

Previous APEO alternatives
 
In prior work on emulsion polymerization, nonionic surfactant alternatives to APEOs were 
examined. The results of this research suggested newer hydrophobes, including isotride-
cyl alcohol (TDA) based on n-butene feedstock and Fischer-Tropsch (“FT”) process based 
alcohols (FTOXO) with carbon range of 12 to 13 (see Figure 2), were a better match for the 
properties of octylphenol and nonylphenol than other alternatives in the marketplace when 
coupled with narrow range ethoxylation. Nonionic surfactants derived from these hydro-
phobes and narrow range ethoxylation resulted in equal or better performance than NPE or 
the standard OPE in a standard emulsion polymerization.

Table 2:  
Disadvantages for  

alkylphenol ethoxylates
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Figure 2: 
Example chemical structures 

of APEO alternatives

FT-OXO Alcohol Ethoxylate

Isotridecyl Alcohol Ethoxylate

Figure 3: 
Example chemical structures  

of APEO alternative ether 
sulfates

FT-OXO Ether Sulfate

Isotridecyl Ether Sulfate

Introduction

Applying previous knowledge
 
The previous work, again, centered on the nonionic portion of the surfactant package for 
emulsion polymerization.11 Thus, by utilizing the knowledge from this previous research on 
new hydrophobes and the narrow range ethoxylation technology, anionic analogs should be 
able to be found. Currently, the industial standard anionic surfactant for emulsion polymer-
ization is an NPE 3 mole ethoxylate sulfate. This APEO ether sulfate is very versatile and resil-
ient to a wide variety of processing conditions in multiple types of emulsion polymerizations.
One reason for the anionic surfactant’s success is the lack of free nonylphenol sulfate. There-
fore, to best match these characteristics based on the previous knowledge, a narrow range 
(NR) TDA or FT-OXO ether sulfate (see Figure 3) should manage to satisfy these requirements. 
In order to better demonstrate the performance of the sulfates discussed above as anionic 
APEO-free surfactants, a study was undertaken to employ a standard emulsion polymeriza-
tion. The following sections discuss the surfactants evaluated, the polymerization, and the 
analysis methods employed.
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3. Sulfation

Figure 4:

Example of sulfation of NPE

Sulfation

In order to examine effect of the APEO anionic surfactant alternatives on emulsion polyme-
rization, the model monomers need to be synthesized. With APEOs, the sulfation is accom-
plished by reacting the nonylphenol ethoxylate with sulfamic acid, which is a mild sulfation 
agent.12 This sulfation reaction is done in a batch process. The sulfamic acid preferentially 
reacts with terminal hydroxyl group to form an ammonium sulfate salt (see Figure 4).

Unfortunately, there are some drawbacks to sulfation with sulfamic acid. Using this batch 
process and a more costly sulfation agent increases the costs for the production for APEO 
based ether sulfates. Furthermore, only the ammonium salt is produced by this technique, 
and the ammonium salt can be less stable due the volatilization of ammonia over time.

A less expensive sulfation process is called thin film sulfation using air / SO3. In this case, the 
sulfation agent is sulfur trioxide produced directly on demand. Pure sulfur is burned in very 
dry air to make sulfur dioxide, which is then oxidized over a V2O5 catalyst to form SO3.
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3. Sulfation

Figure 5:

Example of sulfation of APEO with 
sulfur trioxide (Acid Form)

Figure 6:

Example of sulfation of APEO 
alternative with sulfur trioxide 

 and neutralization

Sulfation

This process is continuous, efficient, economical, and widely practiced in the surfactant in-
dustry.13 But, unfortunately, it cannot be used for the sulfation of APEO’s. That’s because the 
sulfur trioxide, a very strong sulfation agent, will sulfonate the phenol ring as well as sulfate 
the intended hydroxyl group (see Figure 5).14

This leads to poorer surfactant properties resulting in unstable emulsions; however, the alco-
hol ethoxylate alternatives to APEO do not have the phenol ring. For the surfactant industry, 
these are sulfated using the more efficient and less expensive thin film air / SO3 sulfation 
process (see Figure 6). With this sulfation technique the alcohol ethoxylate sulfuric acid ester 
can be neutralized with any desired base, in contrast to the sulfamic acid technique, which 
yields only the ammonium salt. 12-14
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For this study, an ammonium salt of 
nonylphenol ether sulfate with 4 mole of  
ethylene oxide was employed as the standard  
APEO ether sulfate for the anionic in the  
forthcoming emulsion polymerization. This 
material was obtained from an existing supply.  
For the APEO-free alternative ether sulfate, 
two isotridecyl based ethoxylates were chosen.  
One was based the standard base catalysis 
to form the broad range ethoxylate (BRE), 
ALFONIC TDA-3, and the other used the 
narrow range technology (NRE), NOVEL TDA-
3.15,16 These proceeded to sulfation.

Sulfation
 
For the APEO alternatives, a laboratory thin 
film sulfation unit sulfated the ethoxylates 
at SO3/ethoxylate mole ratio of 1.01. The 
resulting acids were neutralized in a separate 
reactor in a continuous fashion with sodium 
hydroxide to form a ~25% active solution. 
The NPE ether sulfate standard was obtained 
from a vendor and used “as is.”

Latex production
 
This study employed semi-continuous 
emulsion polymerization to produce all-acrylic  
latexes. Table 3 outlines the formulation utilized  
for this examination. The theoretical solids 
are 55.01% and 54.72% after the post add.

Polymerization
 
The polymerization reaction kettle was 
filled with the prescribed amount of water, 
purged with nitrogen and heated to 80°C 
using a water bath. The nitrogen blanket 
was maintained throughout the entire 
polymerization. The monomer mixture and 

aqueous mixture were prepared separately. 
Each of the components for the respective 
mixtures were added slowly together and 
blended thoroughly. The initiator solution 
was prepared by dissolving potassium 
persulfate in water. The monomer and 
aqueous mixtures were fed separately but 
simultaneously into the reaction vessel over 
a 4 hour period while the initiator solution 
was added over a 4 hour and 10 minute 
period. 
 
The polymerization temperature was 
maintained at 80°C throughout the addition 
time and for an additional two hours to 
ensure complete conversion. The reaction 
kettle was cooled to ambient temperature 
over a period two hours. Next, the post add 
which is a linear 8-10 alkoxylate from Rhodia 
(referred to as ANTATROX BL225) and water 
are placed into the emulsion to increase the 
stability of the final latex formulation. 
Finally, the pH was adjusted to 8 using 
ammonium hydroxide to insure stability of 
the anionic surfactant. 
 
The total surfactant package for the 
emulsion polymerization included only 
anionic surfactant, and in this formulation 
no nonionic surfactants were examined. 
This allowed for the only stability effects for 
the polymerization to be due to the anionic 
surfactant being examined.

 

Analytical analysis
 
Several analytical methods were used 
to assess the composition, quality, and 
properties of the reagents and final latex.

 

Percent solids
 
The percent solids was determined for each 
latex utilizing ASTM D2369.

4. Experimental

Experimental
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4. Experimental

Experimental

Table 3: Latex recipe Ingredient  Grams

Kettle Charge

De-ionized Water  102.51

Potassium persulfate  1.80

Pre-Emulsion (4 hours feed)

De-ionized Water  142.32

Surfactant  3.00

n-Butyl acrylate  291.00

Acrylic acid  3.00

2-Hydroxyethyl acrylate  6.00

Potassium persulfate  0.75

Post Add

De-ionized Water  3.00

ANATROX BL225**  0.15

Total  553.53 
* calculated for NPE-3 sulfate “as is” (~26.12% active) 
 and other surfactants adjusted for solids 
** from Rhodia 

 

Particle size analysis 
 
The latex particle size and distribution were 
determined using dynamic light scattering 
on a Microtrac UPA 250 analyzer. The analysis 
was performed using the procedure outlined 
by the manufacturer.

 

Wet coagulum and percent 
conversion
 
For each latex, the percent conversion 
and wet coagulum were determined 
gravimetrically.

 

Percent free alcohol
 
Internal gas chromatography method. 
Percent polyethylene glycol (PEG) Internal 
liquid chromatography method. 

 

Melting point
 
Internal method.
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Surfactant composition
 
For the properties of the three sulfates see Table 4. The percent active is slightly low for 
the industrial standard, and the lower actives in the alternatives can be attributed to the 
laboratory scale reactor. Despite this, the properties of the APEO-free alternatives are close 
to that of the NPE ether sulfate.

Emulsion properties
 
The resulting all-acrylic latex properties are outlined in Table 5. When comparing the 
APEO standard to the alternatives, all maintained high conversion and stability. Both the 
alternatives had slightly lower conversion, but this is probably a factor of the optimization 
of the formula for the APEO. When optimized the conversion is expected to be equivalent 
to that of the APEO. Despite this, the alternatives performed consistently as a drop in 
replacement for the NPE ether sulfate. Additionally, the APEO alternatives would not have 
problems which affect most APEO ether sulfates such as evaporation of ammonia which 
yields the acid form APEO ether sulfate and high odor. Interestingly, the alternative anionic 
surfactants did not seem to be influenced by the ethoxylation catalyst. One would have 
expected the NRE based surfactant (NOVELUTION 333) to outperform the BRE surfactant 
(ALFONIC TDA-3 Ether Sulfate); however, when the starting ethoxylate materials are 
examined (see Table 6), the two nonionic surfactants are very similar. The major difference  
is between the polyethylene glycol levels which impacts the melting point dramatically.  
 
The NRE catalyst technology does not illustrate its full potential on these low molecular 
weight ethoxylates as compared to the high molecular weight ethoxylates from the previous 
nonionic surfactant emulsion study. There the NRE technology gave surfactants which had 
very different physical properties due to the lower polydispersity of ethoxymers. Here, the 
minor differences in the ethoxylates lead to only minor differences in the sulfate analogs. 
Therefore, the resultant sulfates should and do behave similarly to one another. 

5. Results and discussion

Results and discussion
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Table 3: Properties of the ether sulfates

Anionic surfactant  Active (wt %)  Free oil (wt %)  Salt (wt %)

Nonyl Phenol Ethoxylate Sulfate*  26.80  0.30  2.40**

NRE Isotridecyl Alcohol (NOVELUTION 333)

Based on n-butene Ethoxylate Sulfate 
23.64  1.19  0.09***

BRE Isotridecyl Alcohol

(ALFONIC TDA-3 Ether Sulfate) 22.11  0.98  0.16***

Based on n-butene Ethoxylate Sulfate
* sulfated by sulfamic acid
** salt in the form of ammonium sulfate
*** salt in the form of sodium sulfate

Table 5: Anionic surfactant and resultant latex properties

Anionic surfactant  pH  Solids  Wet coagulum Conversion Particle size
  (%) (%) (%) (nm)

Nonyl Phenol 

Ethoxylate Sulfate  
8.20  54.5  >0.2  99.0  144

NRE Isotridecyl Alcohol

(NOVELUTION 333)

Based on n-butene 
8.04  53.7  >0.2  97.6  143

Ethoxylate Sulfate

BRE Isotridecyl Alcohol

(ALFONIC TDA-3

Ether Sulfate) 8.02  53.7  >0.2  97.6  154

Based on n-butene 

Ethoxylate Sulfate

Table 6: APEO-free ethoxylates prior to sulfation

Nonionic surfactant  Moles of EO  Free alcohol  Polyethylene glycol Melting point 

    (%)  (%) (°C)

NRE Isotridecyl Alcohol

(NOVEL TDA-3 Ethoxylate) 3  20  0.16  <-20

Based on n-butene Ethoxylate

BRE Isotridecyl Alcohol

(ALFONIC TDA-3 Ethoxylate) 3  23  0.35  ~ -5

Based on n-butene Ethoxylate

Results and discussion
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APEOs and their sulfate derivatives have been the backbone surfactants of the emulsion 
polymerization industry, yet perceived environmental concerns and industrial pressure 
have lead companies to seek non-APEO alternatives for latex production. In this study, the 
APEO-free alternatives provided emulsification during the polymerization equal the industrial 
standard, NPE ether sulfate, as a “drop in” replacement. The alternatives have additional 
benefits such as not being ammonium salts which could convert back to the acid form 
over time. Interestingly, the model emulsion study demonstrated little difference between 
the narrow range ethoxylation (NRE) catalyst and the standard broad range catalyst in 
the performance of the sulfate analog. This relates back to the original ethoxylates which 
were very similar because the NRE catalyst full effect is not seen until higher levels of the 
ethoxylation.

6. Conclusion

We would like to acknowledge the University 
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the surfactants.
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APEO  alkylphenol ethoxylate

BRE  broad range ethoxylate

FT  Fischer-Tropsch

FT-OXO  Fischer-Tropsch oxo-alcohol

NPE  nonylphenol ethoxylate

NPES  nonylphenol ether sulfate

NRE  narrow range ethoxylate

OPE  octylphenol ethoxylate

OPES  octylphenol ether sulphate

TDA  isotridecyl alcohol

8. Abbreviation

Abbreviation

Trademarks displayed in this brochure 
might be the property of the Sasol Group 
of Companies. Users of this brochure are 
not permitted to use these trademarks 
without the prior written consent of their 
proprietor. All rights not expressly granted 
are reserved. 

This information is based on our present 
knowledge and experience. We reserve the 
right to make any changes as a result of 
technological progress or developments. 
This information implies no liability or other 

legal responsibility on our part, including 
with regard to existing third party patent 
rights. In particular, no guarantee or warranty 
of properties in the legal sense is implied. 
The customer is not exempted from the 
obligation to conduct careful inspection 
and testing of incoming goods. Reference 
to trademarks used by other companies is 
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give the impression that products of other 
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transactions are governed exclusively by 
our General Business Conditions.
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